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IMPORTANCE Bleeding is the most common cause of preventable death after trauma.

OBJECTIVE To determine the effectiveness of resuscitative endovascular balloon occlusion of
the aorta (REBOA) when used in the emergency department along with standard care vs
standard care alone on mortality in trauma patients with exsanguinating hemorrhage.

DESIGN, SETTING, AND PARTICIPANTS Pragmatic, bayesian, randomized clinical trial conducted
at 16 major trauma centers in the UK. Patients aged 16 years or older with exsanguinating
hemorrhage were enrolled between October 2017 and March 2022 and followed up
for 90 days.

INTERVENTION Patients were randomly assigned (1:1 allocation) to a strategy that included
REBOA and standard care (n = 46) or standard care alone (n = 44).

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality at 90 days.
Ten secondary outcomes included mortality at 6 months, while in the hospital, and within 24
hours, 6 hours, or 3 hours; the need for definitive hemorrhage control procedures; time to
commencement of definitive hemorrhage control procedures; complications; length of stay;
blood product use; and cause of death.

RESULTS Of the 90 patients (median age, 41 years [IQR, 31-59 years]; 62 [69%] were male;
and the median Injury Severity Score was 41 [IQR, 29-50]) randomized, 89 were included in
the primary outcome analysis because 1 patient in the standard care alone group declined to
provide consent for continued participation and data collection 4 days after enrollment. At
90 days, 25 of 46 patients (54%) had experienced all-cause mortality in the REBOA and
standard care group vs 18 of 43 patients (42%) in the standard care alone group (odds ratio
[OR], 1.58 [95% credible interval, 0.72-3.52]; posterior probability of an OR >1 [indicating
increased odds of death with REBOA], 86.9%). Among the 10 secondary outcomes, the ORs
for mortality and the posterior probabilities of an OR greater than 1 for 6-month, in-hospital,
and 24-, 6-, or 3-hour mortality were all increased in the REBOA and standard care group, and
the ORs were increased with earlier mortality end points. There were more deaths due to
bleeding in the REBOA and standard care group (8 of 25 patients [32%]) than in standard care
alone group (3 of 18 patients [17%]), and most occurred within 24 hours.

CONCLUSIONS AND RELEVANCE In trauma patients with exsanguinating hemorrhage, a
strategy of REBOA and standard care in the emergency department does not reduce, and
may increase, mortality compared with standard care alone.
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H emorrhage is the most common cause of preventable
death after trauma.1 The natural history of uncon-
trolled bleeding is decreasing cardiac output and hy-

potension, and ultimately failure of compensatory mecha-
nisms with consequent cerebral and myocardial hypoperfusion
leading to death.2 In contrast, when hemorrhage is con-
trolled expeditiously, patients often recover.3 Bleeding origi-
nating from within the torso is particularly challenging be-
cause it cannot be controlled without surgery,4-6 and many
patients die before they can be taken to an operating room.
Temporary aortic occlusion, which is used to limit hemor-
rhage and maintain cerebral and myocardial perfusion until de-
finitive control of hemorrhage can be obtained, is conceptu-
ally attractive.7-9

Resuscitative endovascular balloon occlusion of the aorta
(REBOA) is a novel technique whereby a percutaneously in-
serted balloon is inflated in the aorta. Large animal studies have
shown REBOA to be highly effective,10-13 but the current evi-
dence for REBOA in injured humans is limited and conflict-
ing. There are case series,14-16 cohort studies (retrospective and
prospective),17-21 and scoping reviews, systematic reviews, and
meta-analyses22-26 with divergent results. There are also mili-
tary clinical practice guidelines27 that recommend REBOA
for profound shock (defined as a systolic blood pressure
<90 mm Hg) and for some cases of traumatic cardiac arrest
(blunt and penetrating).

A position statement from the American College of Emer-
gency Physicians and the American College of Surgeons28

recommends REBOA for traumatic life-threatening hemor-
rhage below the diaphragm in patients with hemorrhagic
shock who are unresponsive or transiently responsive to
resuscitation, and for patients arriving at the hospital in car-
diac arrest from trauma due to presumed life-threatening
hemorrhage below the diaphragm. However, there are no
randomized clinical trials.

The aim of the UK Resuscitative Endovascular Balloon
Occlusion of the Aorta (UK-REBOA) trial was to examine the
effectiveness of REBOA and standard care compared with stan-
dard care alone for the management of uncontrolled torso hem-
orrhage at specialist major trauma centers in the UK.

Methods
Study Design and Eligibility Criteria
This multicenter, open label, bayesian, group-sequential, reg-
istry-enabled, randomized clinical trial was conducted at 16
major trauma centers in the UK (eTable 1 in Supplement 1). The
patients were enrolled under the provisions for adults not able
to consent for themselves.

The trial protocol was published in advance29 and ap-
pears in Supplement 2. The statistical analysis plan was com-
pleted before data analysis commenced and appears in Supple-
ment 3. The trial was approved by the Greater Manchester
research ethics committee.

Trauma patients aged (or believed to be) 16 years or older pre-
senting to major trauma centers in the UK were eligible for in-
clusion. Patients had confirmed or suspected life-threatening

torso hemorrhage, which was deemed to be amenable to ad-
junctive treatment with REBOA. Patients were excluded if they
were known or thought to be pregnant or had injuries that were
clearly not survivable (eTable 2 in Supplement 1). Consent for
continuedparticipationinthetrialwassoughtoncepatientswere
no longer in a life-threatening condition.

Randomization
The patients were randomly assigned in a 1:1 ratio to either a
strategy of REBOA and standard care or standard care alone
(Figure 1). Randomization was performed using a web-based
system in random permuted block sizes of 2 or 4; clinicians
could access the system using their cell phones. It was not pos-
sible for physicians at the trial sites to be blinded to treatment
assignments.

Study Interventions
The intervention was the technique of REBOA for the pur-
pose of resuscitation as part of an overall resuscitation strat-
egy. The trial sought to evaluate the technique of REBOA rather
than a specific brand of device and therefore did not pre-
scribe or mandate a particular product.

Clinicians using REBOA were required to complete the
trial’s training package (eMethods and eFigure 1 in Supple-
ment 1), subsequent in-house training conducted as part of
the establishment of each center’s REBOA service, or both.
The level of occlusion (zone I, descending thoracic aorta; or
zone III, above aortic bifurcation) was left to the judgment of
the attending physicians and their assessment of the likely
source of hemorrhage.

Patients in the standard care alone group received the ex-
pected care that is provided at a major trauma center. Such
treatment typically included intubation, balanced blood prod-
uct transfusion, interventions such as tourniquet applica-
tion, and early operative or endovascular hemorrhage con-
trol. Treatment could also include open aortic occlusion of the
thoracic or abdominal aorta.

Primary and Secondary Outcomes
The primary outcome was all-cause mortality at 90 days. Pre-
specified secondary outcomes included mortality at 6 months,

Key Points
Question Does the addition of resuscitative endovascular balloon
occlusion of the aorta (REBOA) to standard care reduce mortality
in trauma patients with exsanguinating hemorrhage?

Findings In this bayesian randomized clinical trial that included 89
patients at 90 days, all-cause mortality was 54% in the REBOA and
standard care group vs 42% in the standard care alone group
(odds ratio, 1.58; posterior probability of increased odds of death
with REBOA, 86.9%).

Meaning In trauma patients with exsanguinating hemorrhage,
a strategy of REBOA and standard care in the emergency
department does not reduce, and may increase mortality
compared with standard care alone.
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while in the hospital, and within 24 hours, 6 hours, or 3 hours;
the need for definitive hemorrhage control procedures (de-
fined as an operation that involved resection of a bleeding or-
gan, ligation of a named vessel, interposition grafting, shunt
insertion, packing of a cavity, or angiographic embolization);
time to commencement of definitive hemorrhage control
procedures; complications; length of stay (hospital-free and
intensive care unit–free days); blood product use; and cause
of death.

Baseline data were obtained through linkage to the UK
Trauma Audit and Research Network registry. Primary out-
come and most secondary outcome data were collected
directly from assessments of the patients or from NHS Digi-
tal, which is the National Health Service’s data repository
(eTable 3 in Supplement 1).

Statistical Analysis
The output from a bayesian trial provides a probability for
a defined range of treatment effects given the observed
data. The trial was designed around the available number of
patients based on a retrospective study of national reg-
istry data.30 We estimated that 10 high-volume major
trauma centers would admit approximately 80 patients
who might benefit from REBOA per year, and that approxi-
mately half of whom would be enrolled in the trial over
a period of 3 years, providing a target recruitment of 120
participants.

The trial was designed to evaluate the clinical effective-
ness of REBOA in real-world clinical settings and to answer
the question of whether a treatment strategy that in-
cludes REBOA reduces mortality in patients with exsangui-
nating hemorrhage, irrespective of intercurrent events.31

The primary analysis was thus based on the intention-to-
treat principle.

The initial design parameters contained an error in the
formulation of the variance in the calculations, resulting in

an overestimation of the operating characteristics. After
consultation with the National Institute for Health Research
(the study’s funder) and external reviewers, we relaxed the
success threshold and added informative priors, resulting in
acceptable probabilities for declaring success if REBOA and
standard care were beneficial. Given the direction and size
of the observed effect size, these changes did not influence
the interpretation of the findings.

The primary outcome was analyzed using bayesian
logistic regression with a minimally informative prior on
the natural log odds ratio (OR)δ of N(0, 1.282), which rules
out extreme effects, and a noninformative prior on the
intercept (ie, the log odds of survival with standard care) as
N(0, 102). Secondary outcomes were analyzed in the same
way using generalized linear models suitable for the out-
come distribution.

An adjusted analysis (the covariates for which had
been selected a priori without knowledge of the results) was
conducted to account for potential between-group imbal-
ances. The treatment effects were summarized as ORs with
95% credible intervals (CrIs) and posterior probability esti-
mates of the OR being less than 1 (would indicate REBOA
and standard care were beneficial) or the OR being greater
than 1 (would indicate REBOA and standard care were harm-
ful). Two additional principal stratum analyses were con-
ducted to account for intercurrent events and for possible
learning curve effects. Any missing data at baseline are
reported as missing.

An independent data and safety monitoring committee
monitored emerging data (which included a preplanned in-
terim analysis when 40 patients were enrolled and then when
80 patients were enrolled). An independent trial steering
committee oversaw the conduct of the trial. Data were col-
lected to assess the number of complications and serious ad-
verse device events. All analyses were performed using Stata
version 17 (StataCorp).32

Figure 1. Recruitment, Randomization, and Patient Flow in the UK-REBOA Trial

90 Randomizeda

46 Randomized to receive REBOA and standard care
46 Received REBOA and standard care as randomized

8 Arterial access was attempted but unsuccessful

2 Arterial access not attempted because patient
deteriorated

3 Arterial access not attempted because patient
improved with standard resuscitative measures

5 Arterial access achieved, catheter inserted, but
balloon not inflated because patient improved
with standard resuscitative measures

19 Arterial access achieved, catheter inserted,
and balloon inflated

9 Arterial access achieved, but catheter not
inserted because patient improved with
standard resuscitative measures

46 Included in primary outcome analysis for 90-d mortality
0 Declined to continue participation after 4 d

46 Included in secondary outcome analysis up to 4 d

44 Randomized to receive standard care alone
42 Received standard care alone as randomized
2 Did not receive standard care alone as randomized

(received REBOA; arterial access achieved, catheter
inserted, and balloon inflated)

43 Included in primary outcome analysis for 90-d mortality
1 Declined to continue participation after 4 d

44 Included in secondary outcome analysis up to 4 d

REBOA indicates resuscitative
endovascular balloon occlusion of the
aorta; UK-REBOA, UK Resuscitative
Endovascular Balloon Occlusion of
the Aorta.
a Trauma patients aged 16 years or

older were eligible for inclusion in
this trial. Patients deemed ineligible
for the REBOA intervention were
excluded prior to randomization.
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Results

Enrollment, Interim Analyses, and Study Termination
Between October 30, 2017, and March 16, 2022, a total of
90 patients were enrolled and 89 patients were followed up
for 90 days. We had originally planned to enroll 120
patients, but the trial was stopped after the second interim
analysis, which included 80 patients, because the pre-
specified stopping rule for harm was met (90.1% posterior
probability of OR >1 for mortality at 90 days; stopping crite-
rion was >90%). Given the time required to collect the
primary outcome data, a further 10 patients had been
enrolled by the time of the interim analysis, resulting in a
total of 90 patients.

Of these 90 patients, 46 were randomly assigned to REBOA
and standard care vs 44 to standard care alone (Figure 1). One
patient in the standard care alone group declined to provide
consent for continued participation and data collection 4 days
after enrollment, and was therefore excluded from the analy-
ses from that point forward.

Baseline Characteristics
Most patients (69%) were male and most (97%) had experi-
enced blunt trauma (median Injury Severity Score, 41 [IQR,
29-50]; score range, 0-75; a score >15 indicates severe
injury) (Table 1). The median age was 41 years (IQR, 31-59
years). The patients had hypotension and tachycardia in the
prehospital setting and 23% required cardiopulmonary
resuscitation upon arrival at the emergency department.

Overall, the groups were well matched; however, there
were more cases of hypotension among patients in the
REBOA and standard care group upon arrival at the emer-
gency department (median systolic blood pressure, 84 mm Hg
[IQR, 58-115 mm Hg]) than among patients in the standard
care alone group (median systolic blood pressure, 99 mm Hg
[IQR, 72-115 mm Hg]). Patients in the REBOA and standard
care group also had higher median Abbreviated Injury Scale
scores for the head region (eFigures 2-3 in Supplement 1). The
distribution of the Abbreviated Injury Scale scores in other
body regions was similar across both groups (eFigures 4-7 in
Supplement 1).

Treatment Pathways for REBOA
Patients in the REBOA and standard care group had a num-
ber of treatment pathways due to intercurrent events
(Figure 1). Of the 46 patients in the REBOA and standard
care group, 19 (41%) had a device inserted and inflated.
A further 17 patients (37%) responded to other resuscitative
measures while REBOA insertion was being prepared or
performed, and progression to full aortic occlusion was
no longer deemed necessary. Two patients (4%) deterio-
rated before arterial access could be established. Arterial
access was attempted but could not be established in 8
patients (17%).

The balloon was inflated in zone I (descending thoracic
aorta) in 10 patients (53%) and in zone III (above aortic bifur-
cation) in 9 patients (47%). The median time from emer-

gency department arrival to balloon inflation was 32 minutes
(IQR, 20-47 minutes), and the median duration of inflation was
29 minutes (IQR, 19-64 minutes). Partial REBOA (titrated de-
flation of the balloon to allow some distal perfusion) was used
in 8 patients (42%).

Primary Outcome
Among the 89 patients who provided consent for data analy-
sis, there were 25 deaths (54%) in the REBOA and standard
care group and 18 deaths (42%) in the standard care alone
group at 90 days after randomization (Table 2). The pre-
specified primary unadjusted analysis using the minimally
informative prior showed that the OR for mortality at 90
days was 1.58 (95% CrI, 0.72-3.52) for patients in the REBOA
and standard care group and the posterior probability of an
OR greater than 1 (indicating increased odds of death with
REBOA and standard care) was 86.9% (Figure 2A).

The probability was 3.7% that REBOA and standard care
reduces death per the prespecified OR of 0.77 (or lower, cor-
responding to a greater reduction in mortality). When multi-
variable regression was used to adjust for differences in the
baseline characteristics, the odds of 90-day mortality in the
REBOA and standard care group also remained higher than in
the standard care alone group (OR, 1.80 [95% CrI, 0.59-
5.59]). The posterior probability of an OR greater than 1 was
84.9%. The post hoc analyses of the individual covariates
showed only a minimal effect on the results (eTable 4 in Supple-
ment 1). The results of the principal stratum analyses (to ac-
count for intercurrent events) and the learning curve effects
analysis did not change the overall findings (eAppendices 1-2
in Supplement 1).

Secondary Outcomes
The ORs for mortality and the posterior probabilities of an OR
greater than 1 were all increased in the REBOA and standard
care group for 6-month, in-hospital, 24-, 6-, and 3-hour mor-
tality and the ORs were increased with earlier mortality end
points (Table 2). The survival curves show an early separa-
tion of the 2 groups, but also more deaths in the REBOA and
standard care group to day 10 (Figure 2B). The causes of death
(as determined by the site investigators) appear in eTable 5 in
Supplement 1 for each time point. There were more deaths due
to bleeding in the REBOA and standard care group (8 of 25 pa-
tients [32%]) than in the standard care alone group (3 of 18 pa-
tients [17%]) and most of these deaths occurred within
24 hours.

Fourteen patients (30%) in the REBOA and standard care
group had a definitive hemorrhage control procedure com-
pared with 19 patients (43%) in the standard care alone
group. The median time from randomization to definitive
hemorrhage control was 19 minutes longer in the REBOA and
standard care group than in the standard care alone group.
Blood transfusion requirements were similar in the 2 groups
(Table 2). Patients in the standard care alone group had more
intensive care unit–free and hospital-free days (Table 2).
There were no between-group differences in the number of
complications (eTable 6 in Supplement). There were no seri-
ous adverse device events.

Emergency Department Resuscitative Endovascular Balloon Occlusion of the Aorta Original Investigation Research

jama.com (Reprinted) JAMA November 21, 2023 Volume 330, Number 19 1865

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Pennsylvania user on 01/16/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.20850?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.20850
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.20850?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.20850
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.20850?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.20850
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.20850?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.20850
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.20850?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.20850
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.20850?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.20850
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.20850?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.20850
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.20850


Table 1. Patient Characteristics

REBOA and standard care (n = 46) Standard care alone (n = 44)
Demographics

Age, median (IQR), y 46 (33-62) 39 (30-56)

Sex, No. (%)

Female 18 (39) 10 (23)

Male 28 (61) 34 (77)

Mechanism of injury, No. (%)

Blunt 44 (96) 43 (98)

Penetrating 2 (4) 1 (2)

Patient prehospital characteristics

Systolic blood pressure, mm Hg

Median (IQR) 85 (66-120) [n = 34] 97 (71-128) [n = 37]

≤70, No./total (%) 11/34 (32) 9/37 (24)

≤90, No./total (%) 18/34 (53) 17/37 (46)

Heart rate, median (IQR), beats/min 113 (94-133) [n = 42] 109 (76-133) [n = 40]

Oxygen saturation, median (IQR), % 88 (80-95) [n = 32] 92 (81-98) [n = 43]

Glasgow Coma Scale score, median (IQR)a 10 (3-14) [n = 42] 10 (3-14) [n = 42]

CPR performed, No./total (%) 10/43 (22) 11/44 (25)

Method of transport, No./total (%)

Ambulance 22/45 (49) 19/43 (43)

Helicopter 17/45 (38) 21/43 (49)

Ambulance and helicopter 6/45 (13) 3/43 (7)

Patient characteristics in ED

Time from injury to ED arrival, median (IQR), min 90 (70-125) [n = 39] 97 (78-119) [n = 41]

Time from ED arrival to randomization, median (IQR), minb 13 (4-21) [n = 39] 13 (4-19) [n = 41]

Systolic blood pressure, mm Hg

Median (IQR) 84 (58-115) [n = 44] 99 (72-115) [n = 42]

≤70, No./total (%) 18/44 (41) 9/42 (21)

≤90, No./total (%) 26/44 (59) 19/42 (45)

Heart rate, median (IQR), beats/min 105 (88-123) [n = 45] 120 (87-135) [n = 43]

Oxygen saturation, median (IQR), % 99 (90-100) [n = 39] 99 (95-100) [n = 40]

Glasgow Coma Scale score, median (IQR) 3 (3-11) [n = 39] 3 (3-15) [n = 39]

CPR performed, No./total (%) 4/40 (9) 4/43 (9)

Injury Severity Scorec

Median (IQR) 41 (29-50) 41 (29-50)

>25 (very severe), No. (%) 38 (83) 38 (86)

16-25 (severe), No. (%) 7 (15) 4 (9)

9-15 (moderate), No. (%) 1 (2) 1 (2)

1-8 (mild), No. (%) 0 1 (2)

Abbreviated Injury Scale score, median (IQR)d

Head 3 (0-4) 0 (0-5)

Thorax 4 (3-4) 4 (1-4)

Abdomen 2 (0-3) 2 (0-4)

Pelvis 2 (0-5) 2 (0-5)

Limbs 2 (2-3) 3 (2-3)

Abbreviations: CPR, cardiopulmonary resuscitation; ED, emergency
department; REBOA, resuscitative endovascular balloon occlusion of the aorta.
a Score range is 3 (patient does not respond to any stimuli, including pain) to 15

(normal level of consciousness).
b Three patients in the REBOA and standard care group and 5 patients in the

standard care alone group were randomized before ED arrival and were given
a time of 0 minutes.

c A global anatomical scoring system that provides a measure of trauma severity
with a score range from 0 (no injury) to 75 (maximal injury). This score is

calculated by summing the squares of the 3 worst-injured body regions
(indicated by the highest Abbreviated Injury Scale score). An Abbreviated
Injury Scale score of 6 for any body region automatically results in an Injury
Severity Score of 75.

d An anatomically based, consensus-derived severity scoring system that
classifies an individual injury by body region according to severity with a score
range from 0 (no injury) to 6 (maximal injury). A score of 1 reflects a minor
injury.
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Table 2. Primary and Secondary Outcomes

REBOA and standard
care (n = 46)

Standard care alone
(n = 44)

Absolute difference
(95% CrI), %

Effect estimate
(95% CrI)

Posterior
probability
of OR >1, %a

Primary outcome

All-cause mortality
at 90 d, No./total (%)

25/46 (54) 18/43 (42)b 11.3 (−8.1 to 30.1) OR, 1.58 (0.72 to 3.52) 86.9

Secondary outcomes

Mortality at different time points,
No./total (%)

Death within 6 mo 25/46 (54) 18/43 (42)b 11.3 (−8.1 to 30.1) OR, 1.58 (0.72 to 3.52) 86.9

Death while in the
hospital

25/46 (54) 18/43 (42)b 11.3 (−8.1 to 30.1) OR, 1.58 (0.72 to 3.52) 86.9

Death within 24 h 17/46 (37) 10/44 (23) 12.5 (−5.0 to 29.6) OR, 1.85 (0.79 to 4.46) 91.8

Death within 6 h 13/46 (28) 4/44 (9) 15.8 (1.8 to 30.4) OR, 3.14 (1.13 to 9.76) 98.6

Death within 3 h 11/46 (24) 2 /44 (5) 15.1 (3.3 to 28.4) OR, 4.25 (1.33 to 15.99) 99.3

Underwent a definitive
hemorrhage control procedure,
No. (%)

14 (30) 19 (43) −11.5 (−29.6 to 7.1) OR, 0.60 (0.26 to 1.37)

Time from randomization to
definitive hemorrhage control
procedure, median (IQR), min

83 (56 to 156)
[n = 12]

64 (34 to 83)

Type of definitive hemorrhage
control procedure, No. (%)c

Hemorrhage control laparotomy 7 (50) 12 (63)

Extremity vascular ligation,
shunting, or repair

2 (14) 4 (21)

Pelvic packing 4 (29) 1 (5)

Angioembolization 2 (14) 2 (11)

Hemorrhage control
thoracotomy

1 (7) 0

Intensive care unit–free
days at 90 dd

Mean (SD) 35 (40) 40 (37) MD, −4.79 (−20.75 to 11.31)

Median (IQR) 0 (0 to 80) 45 (0 to 78)

Hospital-free days
at 90 dd

Mean (SD) 22 (30) 41 (39) MD, −18.58 (−32.86 to −3.93)

Median (IQR) 0 (0 to 49) 41 (0 to 82)

Transfusion requirements

Red blood cells, units

Mean (SD) 10 (9) 11 (9)
IRR, 0.92 (0.66 to 1.29)

Median (IQR) 7 (4 to 12) 9 (4 to 17)

Plasma, units

Mean (SD) 8 (8) 11 (10)
IRR, 0.73 (0.49 to 1.08)

Median (IQR) 6 (3 to 10) 7 (4 to 18)

Platelets, pools

Mean (SD) 1 (3) 2 (2)
IRR, 0.87 (0.50 to 1.52)

Median (IQR) 1 (0 to 2) 1 (0 to 2)

Cryoprecipitate, units

Mean (SD) 2 (3) 2 (3)
IRR, 0.79 (0.41 to 1.53)

Median (IQR) 0 (0 to 2) 2 (0 to 3)

Tranexamic acid, mg

Mean (SD) 1413 (580) 1568 (695)
IRR, 0.90 (0.70 to 1.16)Median (IQR) 1000 (1000 to

2000)
2000 (1000 to 2000)

Abbreviations: CrI, credible interval; MD, mean difference; IRR, incident rate
ratio; OR, odds ratio; REBOA, resuscitative endovascular balloon occlusion of
the aorta.
a An OR greater than 1 indicates REBOA and standard care were harmful.

b One patient withdrew on day 4.
c Some patients underwent more than 1 procedure.
d Patients who died within 90-day follow-up were assigned 0 days.
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Discussion

This is the first randomized clinical trial, to our knowledge, to
examine the potential clinical effectiveness of REBOA for the
management of exsanguinating hemorrhage. There are no
other randomized clinical trials of REBOA for trauma patients
registered on ClinicalTrials.gov.

Among the 90 patients who were enrolled in the current
trial, the REBOA and standard care group was observed to
have a high probability (86.9%) of higher mortality at 90
days (the primary outcome) compared with the standard
care alone group. It is also noteworthy that the ORs and pos-
terior probabilities for increased mortality increased with
earlier time points, which are more specific for deaths due to
hemorrhage. The findings were not altered in an adjusted
analysis conducted to account for the baseline imbalances.
The probability was 3.7% that REBOA and standard care

reduces mortality by a worthwhile margin at 90 days, and
less so at time points within 24 hours.

The findings from the current study are consistent with
a number of previously published observational studies.
A retrospective, propensity score–matched study21 from the
US, which used data from a national registry, reported a pos-
sible detrimental effect of REBOA. Similarly, a retrospective,
propensity score–matched study from Japan,20 which was
also based on national registry data, showed that treatment
with REBOA was associated with higher mortality. The find-
ings from these 2 studies20,21 had been attributed to unmea-
sured confounders, but are worthy of reevaluation in light
of the current study. However, there are also a number of
other observational studies that have reported positive ben-
efits with REBOA.23,25

The survival curves demonstrate the probable harmful
early effects of REBOA (Figure 2B). The early (within the
first few hours) decline in survival likely represents a delay

Figure 2. Primary Outcome and Kaplan-Meier Survival Estimates

1.0

0.8

0.6

0.4

0.2

0

Pr
ob

ab
ili

ty
 d

en
si

ty
 fo

r m
or

ta
lit

y

Odds ratio

Odds ratio and posterior probability of 90-d mortalityA

70.1

Posterior probability of odds ratio >1

0.3 0.5 1 2 3 4 6

Favors REBOA and
standard care

Favors
standard care alone

Posterior distribution

Minimally informative prior

Likelihood

1.0

0.8

0.6

0.4

0.2

0

Pr
ob

ab
ili

ty
 o

f s
ur

vi
va

l

Days

Kaplan-Meier survival estimatesB

0

43
46

10

29
21

20

29
21

30

29
21

40

27
21

50

27
21

60

26
21

70

26
21

80

25
21

90

25
21

No. at risk
Standard care alone

Standard care alone

REBOA and
standard care

REBOA and standard care

REBOA indicates resuscitative
endovascular balloon occlusion of the
aorta.

Research Original Investigation Emergency Department Resuscitative Endovascular Balloon Occlusion of the Aorta

1868 JAMA November 21, 2023 Volume 330, Number 19 (Reprinted) jama.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Pennsylvania user on 01/16/2024

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.20850


or failure to definitively control hemorrhage as a result of
REBOA insertion or during attempts at REBOA insertion in
the emergency department. There were fewer patients who
underwent a definitive hemorrhage control procedure in the
REBOA and standard care group, likely due to the compet-
ing risk of early death. For those patients who did undergo
such a procedure, it took, on average, an additional 19 min-
utes to commence these procedures.

Although a small delay to definitive hemorrhage control is
to be expected with REBOA, the purported benefit in longer sur-
vival was not observed. This can be seen in the increased pro-
portion of early deaths due to uncontrolled hemorrhage. Death
due to hemorrhage was more common in the REBOA and stan-
dard care group, and all of these deaths occurred within 24 hours
(and most of them within 3 hours) of randomization. The ex-
cess early deaths also explain why patients in the REBOA and
standard care group had fewer hospital-free and intensive care
unit–free days than those in the standard care alone group.

Patients in the current trial had higher mortality than
trauma patients in other studies of hemorrhage control inter-
ventions (eg, the Pragmatic, Randomized Optimal Platelet and
Plasma Ratios [PROPPR] trial).33 Most likely this is a result of
the inclusion criteria chosen in the current trial, which se-
lected a more seriously injured group of patients. The me-
dian Injury Severity Score in the PROPPR trial33 was only 26
compared with a median Injury Severity Score of 41 in the cur-
rent trial.

There were a number of treatment pathways experienced
by patients in the REBOA and standard care group due to inter-
current events. These findings reflect the challenges in obtain-
ing arterial access in patients with severe shock and in distin-
guishing between patients who are experiencing continuing
hemorrhage from those in whom bleeding has stopped. These
experiences reflect real life and highlight the complexity of
trauma care, and the challenges inherent in evaluating it.

This trial has several strengths. The trial included a com-
prehensive training program that recognized the challenges of
evaluating a technology such as REBOA. The trial was prag-
matic in design, with simple inclusion criteria that were based
on the clinical judgment of experienced clinicians, allowing
them to quickly evaluate suitability for the trial in a pres-
sured clinical setting, and used routinely collected data, mini-
mizing burden on staff.

Limitations
This trial has several limitations. First, the trial’s small size re-
flects the relative infrequency and etiology of exsanguinat-
ing hemorrhage in the UK where blunt trauma predominates,
and most penetrating trauma is the result of stabbings rather
than gunshot wounds. The results may therefore not be trans-
latable to other settings.

Second, the reorganization of in-hospital trauma care in
England has markedly improved mortality from trauma
over the past decade34; however, institutional case volume
(and operative case volume for hemorrhage control) is lower
than in other countries, reflecting high road safety stan-
dards and low levels of interpersonal violence.

Third, the responsibility for the control of torso hemor-
rhage rests with surgeons who provide other care in addi-
tion to trauma care. The initial care of trauma patients is the
responsibility of senior emergency medicine physicians,
but surgeons are called early (even before the arrival of a
patient). Nevertheless, these organizational differences may
have affected the speed with which trauma patients were
treated and operated on, if needed.

Fourth, the relatively low proportion (37%) of patients who
underwent a definitive hemorrhage control procedure may be
a reflection of the rigorous classification applied. Operations
were only counted as definitive hemorrhage control proce-
dures when a bleeding organ had to be resected; a named ves-
sel was ligated, repaired, or shunted; or a cavity was packed.
A limitation of this approach is that a bowel resection for mes-
enteric bleeding, for example, would not have been coded as
a definitive hemorrhage control procedure.

Fifth, there were some baseline imbalances between the
groups, but the adjusted analyses showed these had little
effect on the results, and the proportion of deaths attributed
to traumatic brain injury, in particular, were similar in the
2 groups.

Conclusions
In trauma patients with exsanguinating hemorrhage, a strat-
egy of REBOA and standard care in the emergency depart-
ment does not reduce, and may increase, mortality com-
pared with standard care alone.
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